Summary Expression of the oestrogen-regulated pNR-2/pS2 protein has been studied in paraffin sections 
Breast cancer remains one of the major causes of mortality of women in the developed world. The growth of a proportion of breast tumours is dependent upon oestrogens and oestrogens stimulate the proliferation of oestrogen receptor positive breast cancer cells in culture (Lippman & Bolan, 1975) .
Hormonal therapy is commonly used to manage breast cancer, particularly on relapse: it is also being used increasingly as primary therapy, instead of surgery. Not all tumours respond, and there would be considerable clinical advantage in accurate prediction of the hormonal response in individual patients. Oestrogens act via the oestrogen receptor, and oestrogen receptor status is of predictive value (McGuire et al., 1975) . Measurement of the progesterone receptor, which is induced by oestrogens, provides additional predictive information (Osborne et al., 1980) . However, 23% of patients whose tumours express both receptors do not respond to hormonal therapy, and 11% of patients whose tumours express neither receptor do respond (Osborne et al., 1980) . Measurement of both receptors is largely reliant upon the availability of relatively large amounts of fresh tissue for biochemical assays: although immunohistochemical techniques are becoming more widely available, fresh frozen tissue is often required . There is clearly a need for additional reliable markers of endocrine response which can be assessed simply in routine histological preparations.
Recently, oestrogen-regulated messenger RNAs have been isolated by differential screening of cDNA libraries from oestrogen responsive breast cancer cell lines (May & Westley, 1986 . These mRNAs include the pNR-2 RNA which corresponds to the pS2 RNA (Masiakowski et al., 1982) , the BCEI RNA (Prud'homme et al., 1985) and the Md2 RNA (Skilton et al., 1989) . It is specifically regulated by oestrogens in the oestrogen responsive MCF-7, ZR 75, T47D and EFM-19 cell lines, but is not detected in breast cancer cell lines that do not respond to oestrogens. In surgically resected breast tumours, expression of pNR-2 mRNA is entirely dependent upon expression of oestrogen receptor mRNA : studies of pS2 and oestrogen receptor proteins in cytosols extracted from breast tumours have produced similar results (Foekens et al., 1990) . Thus pNR-2/pS2 is a candidate marker of oestrogen response in human breast cancer.
The pNR-2/pS2 protein is secreted by breast cancer cells (Nunez et al., 1987) . Its function is as yet unknown, but the deduced amino acid sequence of the pNR-2/pS2 protein (Jakowlew et al., 1984; Prud'homme et al., 1985; Piggott et al. in press) suggests that it codes for a small cysteine rich protein with features reminiscent of small protein growth factors such as insulin-like growth factor I. Recently it has been shown to have close homology to porcine pancreatic spasmolytic polypeptide (Rio et al., 1988) which has growth stimulatory effects on breast cancer cells in culture (Hoosein et al., 1989) .
In this report we describe the use of a polyclonal antiserum raised against the C-terminal portion of the pNR-2 protein (Piggott et al. in press) in an immunohistochemical study of pNR-2 expression in a series of 172 surgically resected breast cancers. This is the first study to consider the relationship between pNR-2 immunohistochemical staining and other prognostically important factors. The correlation of pNR-2 expression in primary breast cancers with response to hormonal therapy on relapse is also addressed for the first time. response to hormonal therapy on relapse was disease which did not progress for at least 6 months. Samples of fresh tumour tissue were taken at the time of primary surgery for oestrogen receptor assay by dextran coated charcoal ligand binding assay as described previously (Henry et al., 1988) . Statistical analysis was performed using the programme CSS (Statsoft, USA): survival was analysed using the Log-Rank test (Peto et al., 1977 Figure Id) There was no significant association between menopausal status and pNR-2 expression when the median level of pNR-2 expression was chosen for defining pNR-2 positive tumours. Tumours from premenopausal women were, however, significantly more likely to contain high percentages (10% or more) of cells staining positively for pNR-2: 41% of the 44 tumours from premenopausal women expressed pNR-2 in 10% or more of cells, as compared to only 21% of the tumours from postmenopausal women (chi square = 6.74, P <0.01). This relationship was still more significant if only oestrogen receptor positive tumours were considered in the analysis (chi square (Yates correction) = 9.41, P<0.005; pNR-2 expression and tumour histological grade Tumour histological grade in invasive ductal carcinomas was assessed using Elston's modification of the method of Bloom and Richardson (Elston, 1987) . Bloom and Richardson's grade was determined for 151 tumours: there were 16 grade 1 tumours, 58 grade 2 tumours and 77 grade 3 tumours. There was a significant association between histological grade and pNR-2 expression: well differentiated (low histological grade) tumours were more likely to be pNR-2 positive ( > 4% positively staining cells), while a higher proportion of poorly differentiated tumours were pNR-2 negative (chi square= 6.04, P < 0.05, Figure 4 ). pNR-2 expression and tumour size Reliable measurements of greatest tumour dimension were available for 165 of the tumours studied. Greatest dimension ranged from 9 mm to 170 mm with a medium of 26 mm; for purposes of analysis tumours that were less than the median tumour diameter have been considered small. There was a significant correlation between smaller tumour size and pNR-2 expression. Seventy-nine tumours measured 26 mm or less in diameter and of these 45 (57%) were pNR-2 positive (> 4% positively staining cells), while only 36 (42%) of the 86 tumours measuring greater than 26 mm in diameter were pNR-2 positive (chi square = 3.76, P = 0.05). pNR-2 positive tumours were on average smaller (mean = 30.6 mm) than negative tumours (mean = 35.3 mm) and these values were significantly different (Mann-Whitney U Test, P < 0.025). The mean diameters remained significantly different even after removal of tumours with no positively staining cells from the analysis (P <0.05).
pNR-2 expression and lymph node metastasis The possibility of a correlation between pNR-2 expression and lymph node metastases was considered. Accurate histological assessment of lymph node metastasis was possible in 104 cases. Forty-eight of the axillary node samples were free of tumour: in the other 56 cases lymph node metastasis was confirmed. There was no significant association between pNR-2 staining (>4% positively staining cells) and the presence or absence of lymph node metastasis. Interestingly, however, if the threshold for positive pNR-2 staining was lowered to >1% positive tumour cells, there was a significant association between pNR-2 expression and nodal metastasis: 42 of 67 (63%) of pNR-2 positive tumours had metastasised, as opposed to only 14 of 37 (38%) of pNR-2 negative tumours (chi square = 5.92, P < 0.025). In tumours expressing pNR-2 the mean percentage of positively staining tumour cells was higher in tumours with lymph node metastases (13.3%) than in those which had not metastasised (7.3%): this was statistically significant (Mann-Whitney U test, P = 0.0005). There was no significant association between oestrogen receptor status and the presence or absence of lymph node metastasis. Larger tumours (belonging to the upper three quartiles of tumour diameter) were significantly more likely to have metastasised to axillary lymph nodes (chi square (Yates) = 7.93, P = 0.005).
pNR-2 expression in primary tumours and lymph node metastases Sections of lymph nodes containing metastatic tumour from 50 patients, which had been excised at the same time as the primary tumours, were stained for pNR-2. There was a highly significant correlation between pNR-2 expression in primary tumours and metastatic deposits (chi square = 24.27, P<0.001): only three cases contained positively staining cells in the primary tumour but not the lymph node metastases and only two cases contained positively staining cells in the metastases but not the primaries. There was also a highly significant correlation between the proportion of positively staining cells in the metastatic deposits and primary tumours ( negative cases and lymph node positive and negative cases were also examined for evidence of any significant effect of pNR-2 expressxion on survival but no correlation was found. Prognosis was however significantly better in patients with oestrogen receptor positive tumours than oestrogen receptor negative tumours with regard to both time to first relapse (Log-Rank test, P<0.05) and overall survival (P<0.025).
Patients with lymph node metastases at presentation had a poorer prognosis in terms of time to first relapse (Log-Rank Test, P<0.001) and overall survival (P<0.0001).
pNR-2 expression and prediction of response to endocrine therapy A group of 55 women received endocrine therapy on relapse. Thirty-five of these women were postmenopausal and all but one received the antioestrogen tamoxifen as primary treatment on relapse, the remaining woman receiving primary aminoglutethimide. Twelve of these women received second line endocrine therapy after failing to respond to tamoxifen (aminoglutethimide or medroxyprogesterone acetate). Seventeen premenopausal women also received endocrine therapy on relapse, but as they formed a rather heterogeneous group both in terms of type of endocrine therapy (oophoretomy alone, oophorectomy plus tamoxifen, tamoxifen alone and aminoglutethimide alone) and previous therapy (many had received chemotherapy) they were not analysed further. A further three women whose menopausal status could not be defined were treated hormonally but have been excluded from further analysis. The value of pNR-2 immunohistochemical staining for predicting response to endocrine therapy on relapse was examined in the group of 35 postmenopausal patients. In 21 of the 35 women, disease progressed despite endocrine therapy. The remaining 14 women responded to at least one modality of endocrine therapy for times ranging from 6-48 months. There was a significant association between pNR-2 immunohistochemical staining in the primary tumour and subsequent hormonal response. In eight of 12 (67%) women whose tumours were pNR-2 positive (> 4% positively staining cells) there was a worthwhile response to endocrine therapy on relapse: in contrast, only six of 23 (26%) of women whose tumours were pNR-2 negative (<4% positively stained cells) benefitted from endocrine therapy (Fisher Exact Probability = 0.025). The association between pNR-2 immunohistochemical staining and hormonal response was significant for a range of cut-off values for pNR-2 positivity (1-5% positively staining cells, Figure 7 ) lower cut-off values for pNR-2 positivity increased the accuracy of predicting a lack of response in the pNR-2 negative group (only 17% responded using a cut-off of >1%, Figure 7 ) but at the expense of reducing the accuracy of predicting a response in the pNR-2 positive group (52% responded using a cut-off of > 1% compared to 70% using a cut-off of > 5%; Figure 7 ). Higher cut-offs increased the proportion of responders in the pNR-2 positive group. In this group of patients, the oestrogen receptor status of the primary tumour was not significantly associated with response to hormonal therapy on relapse: four of 15 oestrogen receptor negative tumours responded to hormonal therapy on relapse, as compared to 10 of 20 oestrogen receptor positive tumours (Fisher's Exact Probability = 0. 15).
Discussion
There has been considerable interest in detection of the oestrogen receptor and oestrogen-regulated genes and proteins in breast cancer, both for studying the biology of breast cancer and for predicting response to endocrine therapy in breast cancer. The pNR-2/pS2 gene was discovered as a result of its oestrogen regulation in cell lines derived from (Masiakowski et al., 1982; Prud'homme et al., 1985; May & Westley, 1986) . The pNR-2/pS2 gene has an oestrogen-responsive regulatory element in the 5' noncoding region (Berry et al., 1989 ) and the mRNA is only found in breast cancer cell lines that express oestrogen receptor . Transcription of the pNR-2/pS2 gene is a primary response to oestrogens (Brown et al., 1984) and gene transcription is largely antagonised by the antioestrogen tamoxifen . Previous studies of pNR-2/pS2 expression in breast cancer have considered levels of pNR-2/pS2 mRNA in extracts of surgically resected tumour specimens (Rio et al., 1987; Skilton et al., 1989; Henry et al., 1990) and have shown a good correlation with oestrogen receptor expression. A more recent study (Foekens et al., 1990 ) measured levels of pNR-2/pS2 protein in breast cancer cytosols, with similar results. In this study, we have used immunohistochemistry to demonstrate expression of the pNR-2/pS2 protein retrospectively in an archival series of breast cancers using a rabbit polyclonal antiserum raised against a peptide derived from the C-terminal portion of the predicted sequence of the pNR-2/pS2 protein (Piggott et al. in press ). An advantage of immunohistochemical techniques over biochemical assays on tissue extracts is that the spatial localisation of the pNR-2/pS2 protein is determined, allowing assessment of both intratumoural heterogeneity of expression and of expression by cells other than cancer cells. Immunohistochemical techniques do not however allow precise quantification of levels of expression.
Specific immunohistochemical staining for pNR-2/pS2 was confined to breast cancer cells: the tumour stroma and associated lymphohistiocytic infiltrate showed at most low, background levels of staining. Tumour cell staining was cytoplasmic and showed a tendency to perinuclear accentuation, in agreement with the pattern recorded by Rio et al. (1987) : we have found no evidence of the plasma membrane staining described by Prud'homme et al. (1990) . Individual tumours exhibited considerable heterogeneity of staining and in most tumours only a relatively small proportion of cancer cells scattered throughout the tumour stained (Figures 1 and 2) . Rio et al. (1987) found a similar heterogeneity of staining. There was however little variation in the intensity of staining in positive tumour cells, most of which exhibited moderately intense staining. While it is possible that the small proportion of cells staining reflects the insensitivity of immunohistochemistry, it is equally possible that only a small proportion of tumour cells express pNR-2. The remainder may not express the protein because they lack the oestrogen receptor or because there is intratumoural heterogeneity of responsiveness to receptor mediated signals: double labelling studies with antibodies to both oestrogen receptor and pNR-2 would clarify this point. On a more speculative note, it is possible that expression in the majority of cells is suppressed by dominant cells expressing high levels of the protein. Heterogeneity of oestrogen receptor levels has been demonstrated biochemically in different areas of the same tumour (van Netten et al., 1985) and immunohistochemically, in different cells (King et al., 1985) . Immunohistochemical staining of other oestrogen-regulated proteins such as progesterone receptor (Soomro & Shousha, 1990) pNR-2 immunohistochemical staining was significantly associated with positive oestrogen receptor status (defined by a 5 fmol mg-' cytosolic protein threshold in a dextran coated charcoal ligand binding assay). The majority of oestrogen receptor positive tumours were also pNR-2 positive (Table I) . However, 39% of the oestrogen receptor 'negative' tumours were pNR-2 positive. The apparent expression of pNR-2 by oestrogen receptor 'negative' tumours is probably due to the relative insensitivity of cytosolic ligand binding assays and the somewhat arbitrary nature of rigid cut-off points for oestrogen receptor positivity rather than constitutive nonoestrogen regulated pNR-2 expression in breast cancer cells. Using highly sensitive Northern transfer techniques, we have detected oestrogen receptor mRNA expression in a much larger proportion of tumours than considered positive by ligand binding assay (Henry et al., 1988 (Rio et al., 1987; Henry et al., 1990) .
With regard to the oestrogen regulation of pNR-2, it is also interesting to note that a high proportion of the lobular carcinomas expressed pNR-2, often in a large proportion of cells. Lobular carcinomas of breast show a more marked tendency to express oestrogen receptor than the more common ductal carcinoma (Rosen et al., 1978; McCarty et al., 1980) .
Further support for the oestrogen regulation of pNR-2 in breast cancer may be derived from the comparison of pNR-2 immunohistochemical staining in tumours from premenopausal and postmenopausal women. Oestrogen receptor positive tumours from premenopausal women were significantly more likely to express pNR-2 in a high proportion of tumour cells and the mean number of positively staining cells in tumours arising premenopausally was also significantly higher. It is likely that these differences relate to the higher levels of circulating oestrogens found premenopausally (Siiteri et al., 1986) . There were no significant differences in the proportion of oestrogen receptor positive and negative tumours in the premenopausal and postmenopausal groups, and mean levels of oestrogen receptor did not differ in the two groups (data not shown). Higher levels of pNR-2/pS2 have also been recorded in cytosolic extracts of tumours from premenopausal women by Foekens et al. (1990) .
The possibility of an association between immunohistochemically detectable pNR-2 expression and other prognostically important factors was also investigated. Positive immunohistochemical staining for pNR-2 was significantly associated with both small tumour size and better tumour differentiation, both of which are acknowledged to be markers of favourable prognosis (Hawkins et al., 1987; AlexievaFigusch et al., 1988; Elston, 1987) . Positive oestrogen receptor status has previously been shown to associate with low histological grade (McCarty et al., 1980; Hawkins et al., 1987) but correlations with tumour size are not well recognised: in the current series the correlation between oestrogen receptor status and tumour grade fell short of significance, but there was a significant association between positive oestrogen receptor status and smaller tumour size (data not shown). There was no evidence of any association between parity and pNR-2 staining.
Although there was no evidence of any significant association between pNR-2 immunohistochemical staining and lymph node metastasis when the median percentage of positively staining cells was used as the cut-off point, there was a significant association between pNR-2 staining and lymph node metastasis if > 1% positively staining tumour cells was used as the threshold for pNR-2 positivity. Using this threshold, pNR-2 positive tumours were significantly more likely to have metastasised to lymph nodes than pNR-2 negative tumours. This finding is paradoxical in view of the association of pNR-2 immunohistochemical staining with the favourable prognostic features listed above: confirmed lymph node metastasis is the most important predictor of poor prognosis (Hawkins et al., 1987; Alexieva-Figusch et al., 1987) . The reason for the association between pNR-2 expression and lymph node metastasis is unclear, but it is interesting to note that the pNR-2/pS2 protein has structural features similar to some small protein growth factors and shows close homology to pancreatic spasmolytic polypeptide, which has been shown to have growth stimulatory effects on MCF-7 breast cancer cells in culture (Hoosein et al., 1989) .
The pNR-2/pS2 protein may also function as a growth factor implicated in the repair of damaged gastro-intestinal epithelium (Wright et al., 1991) . It is therefore possible that pNR-2, despite its other prognostically favourable associations, is an oestrogen regulated growth factor, able to facilitate lymph node metastasis. This would suggest that expression of pNR-2 in only small numbers of cells is sufficient to affect the pNR-2 IMMUNOHISTOCHEMICAL STAINING IN BREAST CANCER growth and metastatic potential of a tumour, possibly by paracrine effects on other tumours cells.
We were unable to demonstrate any association between pNR-2 immunohistochemical staining and overall survival or time to first relapse, despite the association of pNR-2 expression with other prognostic indicators. In this respect, our results differ from those of Foekens et al. (1990) , who found that pNR-2/pS2 expression in breast cancer was associated with a longer time to recurrence and death. The reason for this difference is unclear, but it may relate to differences in either the techniques used to measure pNR-2/pS2 or differences in the patient groups studied. Problems of quantitation are inherent to immunohistochemical techniques: although it is possible to reliably assess the proportion of cells expressing an antigen, quantitation of levels of expression is at best subjective. Foekens et al. (1990) used a quantitative immunoradiometric cytosolic assay to define groups of tumours containing different levels of pNR-2/pS2. Foekens et al. (1990) used a cut-off level of 11 ng mg' protein to define pNR-2/ pS2 positivity and hence only approximately 25% of tumours were considered positive; however, using a similarly high cut-off (to give 25% pNR-2 positive tumours) we were unable to demonstrate any association with survival. It will be valuable to compare levels of pNR-2 in cytosolic extracts of tumours with the pattern of immunohistochemical staining in sections of the same tumours. We are unaware of any significant differences in the patient groups considered in the two studies, apart for the extensive use of adjuvant chemotherapy in the group studied by Foekens et al. (1990) .
We have previously shown that the response of breast tumours to primary tamoxifen is associated with the presence of pNR-2 mRNA in the excised tumour . In this study we have demonstrated that there is a significant association between pNR-2 expression in primary tumours and response to hormonal therapy on relapse. The capacity of a measurement made on a primary tumour to predict the response of metastatic tumour cells depends on the primary tumour and metastatic deposit having similar phenotypes. It is therefore important that in this study we have shown that levels of pNR-2 expression in primary tumours correlated closely with (and hence were predictive of) levels of pNR-2 expression in synchronously excised deposits of tumour present in axillary nodes.
pNR-2 expression was significantly associated with response to hormonal therapy in a group of 35 postmenopausal women receiving endocrine therapy as first treatment on relapse. This association was most significant if a threshold of > 4% positive staining cells was used, but significant associations were obtained over a range of thresholds from 1% to 5% (Figure 7) . Lowering the threshold for pNR-2 positivity increased the accuracy of predicting non-responders in the pNR-2 negative group but decreased the accuracy of predicting responders in the pNR-2 positive group. In contrast, higher thresholds increased the accuracy of predicting responders in the pNR-2 positive group but slightly reduced the accuracy of predicting non-responders in the pNR-2 negative group. The optimum threshold of pNR-2 positivity for prediction of hormonal responsiveness remains to be determined, but is likely to vary depending upon the clinical context (e.g.:-whether predicting the response of a primary tumour to primary endocrine therapy, or the response of metastatic tumour to endocrine therapy on first relapse).
In general, the capacity of pNR-2 immunohistochemical staining to predict hormonal response on relapse is similar to that described for oestrogen receptor and progesterone receptor either singly or in combination in other series (Mourisden et al., 1978; Osborne et al., 1980) , where objective responses to endocrine therapy were obtained after relapse in more than half of the receptor positive tumours but were rare in receptor negative tumours. pNR-2 immunohistochemical staining has advantages over detection of both receptors in that it is applicable to routinely formalin fixed and processed paraffin embedded histological material, eliminating the need to prepare cytosol. Although an immunohistochemical technique has been used to detect oestrogen receptor in frozen sections of breast tumours and predict response to hormonal therapy this is not applicable to fixed tissue.
In conclusion, although the precise function of the pNR-2/ pS2 protein remains unclear, there is a mounting body of evidence to suggest that it may be a growth factor. This is of interest in view of the capacity of antioestrogens to antagonise oestrogen mediated induction of pNR-2 expression in breast cancer cell lines in vitro Johnson et al., 1989) , suggesting a rational basis for antioestrogen therapy. The value of pNR-2 as a predictor of hormonal response in breast cancer merits further study and prospective studies will be particularly informative.
